Here, t h e concept of a surface magnetic charge i s introduced, a n d t h e n t h e m a g n e t i c f i e l d d i s t r i b u t i o n s are computed by u s i n g t h e i n t e g r a l e q u a t i o n method. Next, the rotor displacement i s computed by using Newmark's f3-parameter method. By the use of these techniques, s i m u l a t i o n o f t h e r o t o r b e h a v i o r i s performed. The r e s u l t s of t h e s i m u l a t i o n a r e examined i n c o n t r a s t t o t h o s e of the experiments.
AN ANALYSIS OF 3-DIMENSIONAL MAGNETIC F I E F DISTRIBUTIONS
Here, t h e concept of a surface magnetic charge i s introduced, a n d t h e n t h e m a g n e t i c f i e l d d i s t r i b u t i o n s are computed by u s i n g t h e i n t e g r a l e q u a t i o n method. Next, the rotor displacement i s computed by using Newmark's f3-parameter method. By the use of these techniques, s i m u l a t i o n o f t h e r o t o r b e h a v i o r i s performed. The r e s u l t s of t h e s i m u l a t i o n a r e examined i n c o n t r a s t t oINTRODUCTION AS i s g e n e r a l l y known, a small-sized synchronous motor with a permanent magnet rotor i s widely used as an i n d u s t r i a l timer. I n t h e d e s i g n o f t h i s m o t o r , it i s very important to determine the magnetic field d i s t r i b u t i o n . I n t h i s p a p e r , t h e a u t h o r s wish to report computations of 3-dimensional magnetic field d i s t r i b u t i o n i n t h e motor and describe simulation of t h e r o t o r b e h a v i o r .
Here, the concept of a surface magnetic charge i s introduced, and then the m a g n e t i c f i e l d d i s t r i b u t i o n i s computed by usinq the integral equation method. I n t h i s method, each curved surface on which t h e c h a r g e is d i s t r i b u t e d i s d i v i d e d i n t o a number of curved surface elements.
The s u r f a c e c h a r g e d i s t r i b u t i o n i s obtained by using the equations for numerical computation; then, the magnetic field distribution and t h e r o t o r t o r q u e a r e d e t e r m i n e d . N e x t , t h e r o t o r displacement i s computed by means of Newmark's 6-parameter method.
By t h e u s e of these techniques, we were able t o s i m u l a t e t h e r o t o r b e h a v i o r . L a s t l y , t h e s i m u l a t i o n r e s u l t s are v a l i d a t e d t h r o u g h t h e experiments.
DESCRIPTION OF THE MATHEMATICAL MODEL

Analysis of the Magnetic Field
For the purpose of computing 3-dimensional m a g n e t i c f i e l d d i s t r i b u t i o n s i n a small-sized synchronous motor, the concept of surface magnetic charge i s introduced.
Here, t h e p o l a r i z a t i o n o f t h e m a g n e t i c m a t e r i a l i n t h e ' m a g n e t i c f i e l d i s replaced by the magnetic charge distribution on the material-body s u r f a c e , and t h e n t h e i n t e g r a l e q u a t i o n s f o r t h e magnetic charge density+are formed [ll- [ 4 ] .
The f i e l u v e c t o r , H , d u e t o t h e m a g n e t i c c h a r g e d e n s i t y , a , i s d e s c r i b e d by the equation:
T where 2 i s t h e p o s i t i o n v e c t o r from t h e s o u r c e p o i n t t o t h e f i e l d p o i n t , '
S i s t h e a r e a of t h e m a t e r i a lbody s u r f a c e and Po i s t h e p e r m e a b i l i t y o f f r e e s p a c e .
The f i e l d v e c t o r , & , due t o t h e permanent magnet is d e s c r i b e d b y t h e e W a t i o n :
The a u t h o r s are presently with the Department of E l e c t r i c a l E n g i n e e r i n g , Okayama U n i v e r s i t y , Tsushima, Okayama 700, Japan. The c u r r e n t i n t e n s i t y , I , i n t h e s t a t o r c o i l is
where @ i s t h e q u a n t i t y of t h e i n t e r l i n k e d flux, R i s the value of the r e s i s t a n c e o f the s t a t o r c o i l and v is t h e a p p l i e d v o l t a q e . Also, @ and i r e s p e c t i v e l y , a r e g i v e n b y
where A i s t h e i n t e r l i n k a g e a r e a and S , i s t h e a r e a o f t h e c r o s s s e c t i o n of t h e c o i l . The difference expression of ( 7 ) is obtained by the following equation. (81, (9) and (lo), that the additional equation due to the current density, i , is Thus, the final simultaneous equations for the magnetic charge density and the current density are formed from ( 6 ) and ( 7 ) . That is:
where A t i s t h e s t e p w i d t h i n t e r m
where By solving these equations, the magnetic charge density and the current density are obtained.
-.
Simulation of Rotor Behavior
Next, if T and e represent the torque and angular displacement of the rotor, respectively, the rotor torque equation can be written as where J is the moment of inertia and TF is the Coulomb friction torque [ 6 ] . On the other hand, the magnitude of T is given by
where d is the distance between $he calculating point and the rotation axis; and t is the tangential unit vector. The magnitude of TIP is determined experimentally. When applying Newmark's &parameter method ( B=1/6 1 to (13), the angular displacement, 3t+at , and the angular velocity, (dB/dt)t+At , are described by the equations:
J Therefore, we can predict by computation the rotor behaviour by using (131, (14) and (15) . Figure 1 shows the procedure for simulating rotor behavior. In this case, the inverse matrix of the coefficient matrix is computed in order to simplify the computation procedure and therefore reduce the computation time. Thus, the simulation of the rotor behavior is carried out by utilizing three programs: the field computation program, the rotor torque Computation program and the rotor displacement computation program. 
SIMULATION PROCEDURE
.
The arrangement of surface elements is shown in Fig. 4 . In this case, we used curved surface triangular elements and curved surface rectangular elements [I] .
The latter elements were used-for cylindric surfaces only. The charge distribution on these elements can be approximated by a linear formula. The number of nodes, on which unknown values of the magnetic charge density are defined, is 437. Table 1 shows the parameters of the motor. In this paper, both the computation of 3-dimensional magnetic field distribution and the simulation of rotor behavior were described. The simulation results provide adequate explanation of the experimental fact within the limits of this investigation. Due to the fact that we employed the computer simulation method instead of trial manufacture, both the labor and material costs of design this motor were remarkably reduced.
We feel that this method is practicable for the designing of small-sized synchronous motors.
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